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ABSTRACT 


Damages to the nervous system are one of the health challenges. Using electrical stimuli because of the nervous system's electrical nature has been introduced as a 
solution to differentiate the stem cells successfully in recent years. Electrical stimulation (ES) has been used in various cell culture methods to grow stem cells such as 
nerve stem cells (NSCs), nerve differentiation, migration, and repair. Electrical stimulation mechanisms direct axon and neurite growth and cause directional cell 
migration, while magnetic fields cause neurogenesis and help NSC differentiate into functional neurons/nerve cells. Conductive nanomaterials have been utilized as 
functional scaffolds to provide mechanical support and biophysical signals to direct the growth and differentiation of nerve cells and form complex neural tissue 
patterns. Electrical signals may improve stem cell neurogenesis through activating specific ion channels, such as SCN 1a. This article can be used as a checklist for ES 
work in stem cell research to expand using stem cells in clinical applications. This study revealed that electrical conductive materials and applying electrical and 
magnetic signals to stem cells could be a promising option in treating diseases of the nervous system, such as spinal cord injuries. , Parkinson's, and other diseases 


related to the nervous system. 


KEYWORDS: Central Nervous System (CNS), Electrical Stimulation (ES), Electric Fields (EFs), Electromagnetic Fields (EMFs), Conductors, Conductive 


Polymers. 


INTRODUCTION: 

Nerve tissue has been expanded throughout the body in the form of a network of 
integrated communications. Anatomically, the nervous system is organized 
wholly in two main parts: the central nervous system (CNS, which involves the 
brain and spinal cord), the peripheral nervous system (PNS), which directs sen- 
sory impulses central nervous system and carries motor impulses to the environ- 
ment. This system is made of cerebral, spinal, peripheral nerves, and ganglia 
(named small clusters of nerve cells outside the CNS). 


Nerve stem cells (NSCs) are self-replicating stem cells with the multifaceted 
capacity to produce neurons and glial cells in the nervous system. NSCs are the 
most promising option in tissue engineering and regenerative medicine because 
of their tissue formation and regenerative capacity at nerve damage sites. 


In recent decades, researchers have been increasingly interested in conducting 
various research on developing smart materials. Such cases have been usually 
designed for external stimuli (physical, chemical, mechanical) and behavior simi- 
lar to the body's natural tissues. The piezoelectric scaffold can be named as sucha 
type of intelligent material, which can produce electrical signals as a result of 
applied stress. Also, they can stimulate signaling pathways, increase tissue 
regeneration at the injured site. This is particularly applied to nerve tissue, where 
electrical charges are essential for cellular activity. A wide range of synthetic and 
natural polymers have been investigated as electrospun scaffolds for neural tis- 
sue engineering. Nerve regeneration is a complicated and local biological phe- 
nomenon that causes it challenging to heal patients with nervous system disor- 
ders. 


MECHANICAL AND PIEZOELECTRIC TRANSMISSION IN LIVING 
ORGANISMS: 

Mechanical transmission is one of the different ways in which cells can sense and 
convert mechanical stimuli into electrochemical activity. The extracellular 
matrix and s.c cells are the best recognized direct element in the pathway 
between external transmitted stress. Stress activates channels. Voltage- 
dependent channels are usually specific to one type of ion, for example, sodium 
(Na +), potassium (K +), calcium (Ca +), and chloride (Cl-) ions. Natural 
piezoelectricity of the body's body elements provides the electrical charges in 
response to mechanical stress in voltage-dependent channels. [5] 


UTILIZATION OF PIEZOELECTRIC BIOMATERIALS IN NEURAL 
TISSUE ENGINEERING: 

Piezoceramics are the first group of studied piezoelectric materials. The rat's cor- 
tical neurons are cultured on pzt with a poly-L-lysine coating and grow longer 
axons, notwithstanding reducing the cell numbers. Besides, the frequency and 
amplitude of stimulatory postsynaptic currents increase, symbolizing that piezo- 
electric property can perform more neural activity. Aw should consider that they 
are applied for medical applications, principally actuators, converters, and sen- 
sors. It is not applied in the pure solution for medical implants because of allergic 
reactions. Advanced medical applied systems are composites based on polymer 
matrices with ceramic fillers in the form of fibers. Lopez and et al. convert bar- 
ium nanoparticles into a polymer matrix to repair bone defects, which produces 


approximately high polarization. Also, this system decreases vulnerability and 
can be exercised as an electroactive scaffold. 


PVDF has been largely investigated among the types of piezoelectric polymers; 
it is essentially because of its high piezoelectric power, processing, good chemi- 
cal resistance, temperature stability, and excellent mechanical properties against 
other piezoelectric polymers. PVDF is possible to be available in at least five 
crystalline polymorphic phases, in which the beta phase shows the highest 
piezoelectricity that reaches 20 pC/N. 


Using PVDF in piezoelectric scaffolds in tissue engineering requires applying 
fabrication techniques that allow the proper shape to be formed, and the polar 
phase content is responsible for the high piezoelectricity. The electrospinning 
technique is one of the promising fabrication techniques that satisfy both expec- 
tations. Many papers are about the electrospinning of PVDF nanofibers in the 
solution. The importance of the effect of processing parameters on nanofibers' 
structure and properties and the properties of nonwoven nanofibers of PVDF 
beta phase content have been studied in terms of applying voltage and rotational 
speed of the rotating collector. This collector's rotational speed is related to the 
mechanical deformation that causes to form the polar phase. Liu et al. formed 
nanofibers with various rotational speeds from the collector: 900, 1100, 1300, 
1500, 1700, and 1900 rpm. XRD diffraction indicated a peak around 20.6-20.9 
deg, which belonged to the beta phase, but the alpha phase peak had vanished. 
They received PVDF piezoelectric fibers with smaller radii, a smooth surface 
shape, and a fitting beta phase at 1900 rpm. According to new research, increas- 
ing the speed of the rotation of the collector will increase the beta phase of the 
beta piezoelectric content. 


It has been shown that long-term utilization of piezoelectric stimuli to neurons 
increases the number, length, and branching of nerve cells. There was no effect 
on neurite regeneration when vibrations were applied to non-piezoelectric mate- 
rials. This supplemental polymer has been explained with the highest 
electroactive properties among the piezoelectric materials with piezoelectric 
power up to 30pC / N. PVDF-TrFE creates the beta phase form co- 
polymerization without using mechanical tension. If more bonding is needed, 
mechanical tension, electrical polarity, it is conceivable to increase the 
crystallinity and adjustment of the CF2 dipoles. Accordingly, depending on the 
TrFE content, it is possible to induce more piezoelectric power against PVDF. 
Electrospun PVDF-TIFE fiber scaffolds exhibited higher crystallinity and beta 
phase content compared to neuromuscular engineering raw material powder. It 
has been announced that the piezoelectric membrane mixture of PVDF-TrFE 
with barium titanate can induce bone regeneration by producing a charge. 
PVDF-TIFE piezoelectric fiber scaffolds have been employed to analyze their 
effect on nerve repair. Numerous studies have reported the positive impact of 
these scaffolds on the growth and differentiation of nerve cells. Lee et al. 
designed a PVDF-TIFE piezoelectric electrospun scaffold with various arrange- 
ments of fibers in a scattered and parallel form. And it was shown that scaffolds 
with parallel fibers have the most magnificent potential to be used in neural tissue 
engineering. PVDF films affect cell proliferation in the regeneration of loading 
muscle cells on the plate. Nevertheless, a study with specific dynamic conditions 
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for PVDF-TrFE piezoelectrics has not been conducted so far with mechanical or 
electrical actuators. 


PHBV is polyester with low piezoelectric strength (1.2 pC / N). It is a thermo- 
plastic constructed by many bacteria as a source of carbon storage and 
intracellular energy. The polyester is also biodegradable and biocompatible, with 
strong mechanical properties that enable us to use PHBV as a scaffold and bio- 
sensor. PHBV has a bone-related piezoelectric power that can improve bone 
growth and development. It can further be utilized in association with 
hydroxyapatite to bone tissue engineering. PBHV has been studied for nerve tis- 
sue engineering for nerve cell growth and polarization of dendrites. PBHV 
electrospun fibers can be applied for neural tissue engineering by adding colla- 
gen. 


Poly-L-Lactic Acid is a biodegradable, biocompatible polymer with a piezoelec- 
tric power of -10pC / N. Foucada et al. have explained that applying PLLA can 
grow the bone in response to its piezoelectric polarity. It is possible that PLLA 
has some applications with a structure similar to the extracellular matrix (ECM) 
in biomedicine. Lateral nanofiber scaffolds coated with graphene oxide increase 
cell growth. Ultimately, adding iron nanoparticles supports the proliferation of 
neurites along with the PLLA microfibers. 


Cellulose with piezoelectric strength of 0.1 Pc / N has been largely investigated 
among natural polymers. Cellulose is a linear homopolymer of glucose or high 
biocompatibility. Cellulose is utilized in various shapes and designs: membrane 
sponges, microspheres, and woven or non-woven textiles. 
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Table 1: Electric fields can lead to changes in NCSs. Including behavioral changes, phenotypic, and destiny selection responses. The NSC's response to 
ES depends on the source of the NSC, the sub-layer, and the stimulation program. As specified below. [4]. 
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amount and frequency and the cell source and culture conditions. Intracellular 
proteins and chemokines related to cell attachment, migration, and cytoskeletal 
rearrangement are more noticeable than PI3P and Rho GTPase / Rac attack but 
not CXCR4 in the presence of EF. Activation of the intercellular signaling path- 
way is possible to be related to the NSC source and the ES program. Researchers 
are developing EFs' understanding of the fate of NCS by advancing biomaterials 
to control the fate of NCSs after injury. The final objective is not to apply these 
cell-based scaffolds to repair nerves, but most of the material has previously been 
assessed in the culture, and even a few scaffolds have been tested in vivo on ani- 
mals. There are four types of structures that have been analyzed, including 
foams, hydrogels, electrospun fibers, and thin films. Extremely porous foam scaf- 
folds are largely composed of graphene, which is conductive. It has been proved 
that graphite scaffolds support NCS attachment, viability, neuronal transforma- 
tion, stellar cells, and oligodendrocytes in both two and three dimensions. When 
an electric current is applied to graphene, NCSs are converted much more to neu- 
rons and much fewer star cells in culturing graphene scaffolds and 
nanonetworks. Furthermore, polyethylene glycol (PEG) hydrogels with 
polyaniline (PANi) or carbon nanotubes produced more transformed neurons 
with increased nutrient proliferation. PANi and carbon and PPy nanotubes have 
also been used to produce conductive fibers and thin films to clean neurons and 
stimulate NCSs. Among these materials, PPy thin films have been applied for 
electrical conditions before implementation. After transplantation, NCSs 
increased the production of growth coefficients, which resulted in angiogenesis 
and enhanced post-stroke functional outcomes (George et al.). Since many of 
these substances have the inherent ability to improve neuronal transformation 
and growth without EF, delivery of NSC-based and ES scaffolds post-traumatic 
injuries to promote repair is expected to have a brilliant future. 
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ES mmcreased cell density on days 5 and 7 
PANI and ES had no effect on viability - 
ES imcreases nutrient volatility - 
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CONCLUSION: 

The use of stem cells presents challenges. One of these challenges is the success- 

ful differentiation of stem cells towards the specific functional neurons. In recent 
years, various researches have shown that the use of electrical stimulating agents 

and conductor substrates can be used as a suitable way to successfully differenti- 

ate stem cells toward neurons because of the nervous system's electrical nature. 

Electrical stimulation (ES) has been used in various cell culture methods to grow 

stem cells such as nerve stem cells (NSC) neural differentiation, migration, and 
repair. Electrical stimulation mechanisms guide the growth of axons and neurite 

and cause directional cell migration, while magnetic fields cause neurogenesis 

and facilitate NSC for differentiation into functional neurons. In this research, dif- 
ferent methods of electrical stimulation and conductor substrates for successful 
differentiation of stem cells and correct behavior of stem cells have been investi- 

gated. 
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